Attorney Docket No. 5649-821DV 



METHODS OF FORMING SELF- ALIGNED CONTACT STRUCTURES 
IN SEMICONDUCTOR INTEGRATED CIRCUIT DEVICES 

Related Applications 
This application is a divisional of U.S. Application Serial No. 09/556,499, 
filed April 24, 2000, which is related to Korean Application No. 2000-5358, filed 
February 3, 2000, the disclosures of which are hereby incorporated herein by 
reference. 

Field of the Invention 
This invention relates to integrated circuit device fabrication methods and, 
more particularly, to methods of forming self-aligned contact structures in 
semiconductor integrated circuit devices. 

Background of the Invention 
Attempts to increase device integration density in microelectronic integrated 
circuits have typically resulted in the fabrication of smaller and smaller devices that 
are spaced more closely together. In order to electrically access these devices, 
conventional techniques to photolithographically define the location of contact holes 
to these devices have also had to improve. Such improvements have typically 
included the development of photolithographic alignment techniques having reduced 
tolerances. Alternatively, attempts to reduce contact hole size may not represent an 
acceptable approach when forming highly integrated devices because reductions in 
contact hole size typically lead to substantial and unacceptable increases in contact 
resistance. 

Techniques to reduce photolithographic alignment tolerances have typically 
not scaled at the same rate as techniques to scale the size of microelectronic devices. 
To address this limitation associated with photolithographic alignment, self-aligned 
contact hole fabrication techniques that are less dependent on photolithographic 
accuracy have been developed. 
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A method of forming self-aligned contact holes is taught in U.S. Patent No. 
5,897,372 to Howard entitled "Formation of a self-aligned integrated circuit structure 
using silicon-rich nitride as a protective layer". According to the U.S. Patent No. 
5,897,372, a gate electrode surrounded by an upper protection layer and a side-wall 
5 spacer is formed on a semiconductor substrate. A thin silicon-rich silicon nitride layer 
and a thick inter-layer insulating layer are sequentially formed on the entire surface of 
the resultant structure. The inter-layer insulating layer and the silicon-rich silicon 
nitride layer are dry-etched in sequence to form a self-aligned contact hole exposing 
the substrate between the gate electrodes. Here, a width of the self-aligned contact 

10 hole is wider than a space between the gate electrodes in order to maximize the 

exposed area of the substrate. Accordingly, an edge portion of the protection layer on 
the gate electrode is exposed by the self-aligned contact hole. At this time, in the 
event both the protection layer and the spacer are formed of a silicon oxide layer, the 
gate electrode may be exposed due to the over etching during a dry-etching process 

15 for forming the self-aligned contact hole. Thus, in order to overcome the above 

problem, both the protection layer and the spacer should be formed of silicon nitride 
layer having etch selectivity with respect to the inter-layer insulating layer or the 
thickness of the silicon-rich silicon nitride layer should be increased. However, the 
silicon nitride layer and the silicon-rich silicon nitride layer have higher dielectric 

20 constants than the silicon oxide layer. Therefore, the parasitic capacitance between 
the interconnection filling the self-aligned contact hole and the gate electrode is 
increased and such increase may degrade the electrical characteristics of the integrated 
circuit. 

As a result, such self-aligned contact hole fabrication techniques may still be 
25 prone to reliability problems when photolithographic alignment techniques having 
relatively large alignment tolerances are used. Thus, notwithstanding such self- 
alignment techniques, there continues to be a need for improved methods of forming 
contact holes in highly integrated circuit substrates. 



30 Summary of the Invention 

It is therefore an object of the present invention to provide methods of forming 
self-aligned contact structure, which can minimize the parasitic capacitance between 
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two adjacent conductive layers and improve the reliability of the alignment 
techniques. 

It is another object of the present invention to provide methods of forming 
self-aligned contact structure, which can minimize the contact resistance. 

These and other objects, advantages and features of the present invention may 
be provided by methods of forming self-aligned contact structure of integrated circuit 
devices (e.g., memory devices). These methods improve process reliability by 
reducing the likelihood that contact holes will become misaligned to underlying 
integrated circuit device patterns and thereby potentially expose the patterns in an 
adverse manner. According to one embodiment of the present invention, a method of 
forming self-aligned contact structure includes the steps of forming a plurality of 
interconnection patterns on a substrate and then covering a surface of the 
interconnection patterns and a surface of the substrate with a capping insulating layer. 
The capping insulating layer is then covered with an upper inter-layer insulating layer 
filling gap regions between the interconnection patterns. The upper inter-layer 
insulating layer and the capping insulating layer are then dry-etched in sequence to 
form a narrow contact hole, e.g., a first contact hole that exposes the substrate, but 
preferably does not expose the interconnection patterns. In this embodiment, the 
capping insulating layer may be formed of silicon nitride layer. The first contact hole 
is then widened in a self-aligned manner using the capping insulating layer as an etch- 
stop layer. In particular, the first contact hole is widened to form a second contact 
hole exposing the capping insulating layer on the sidewalls of the interconnection 
patterns, by wet etching sidewalls of the first contact hole using an etchant that etches 
the upper inter-layer insulating layer faster than the capping insulating layer. In this 
manner, the first contact hole may be formed to initially compensate for potential 
misalignment errors and then a self-aligned wet etching step may be performed to 
widen the first contact hole so that low resistance contacts (e.g., contact plugs) can be 
provided in the second contact hole. During this widening step, the selectivity of the 
wet etchant can be made high to reduce the likelihood that the interconnection 
patterns will become exposed to the second contact hole. 

According to another aspect of the present invention, the step of forming the 
second contact hole is preferably followed by the steps of forming an oxide spacer on 
a sidewall of the second contact hole and then etching a protrusion of the capping 
insulating layer extending opposite the substrate, using the oxide spacer as an etching 



mask. This latter sequence of steps is preferably performed in order to increase the 
area of the substrate that is exposed by the second contact hole and thereby lower the 
contact resistance between a subsequently formed contact plug and the substrate. 
According to another embodiment of the present invention, a method of 
5 forming self-aligned contact structure of an integrated circuit memory device 

comprises the steps of forming a lower inter-layer insulating layer on a semiconductor 
substrate and then forming a pad contact hole in the lower inter-layer insulating layer. 
A pad plug is then formed in the pad contact hole using conventional techniques. 
First and second bit line patterns are then formed at adjacent locations on an upper 

10 surface of the lower inter-layer insulating layer. A capping insulating layer that 
covers the pad plug and the first and second bit line patterns is then deposited. An 
upper interlayer insulating layer is then formed on the capping insulating layer. The 
upper interlayer insulating layer and the capping insulating layer are then etched in 
sequence to form a first contact hole that exposes a first portion of the underlying pad 

15 plug. The first contact hole is then widened in a preferred self-aligned manner by 
selectively etching the sidewalls of the first contact hole with an etchant that etches 
the upper interlayer insulating layer at a faster rate than the capping insulating layer, 
thereby forming a second contact hole exposing the capping insulating layer on the 
sidewalls of the bit line patterns. Next, an oxide spacer is formed on the sidewall of 

20 the second contact hole. After the oxide spacer has been formed, the capping 

insulating layer is again etched to expose a second portion of the pad plug that is 
greater than the first portion. This step is preferably performed using the oxide spacer 
as an etching mask. Alternatively, the oxide spacer may be formed with an etching 
process showing a poor etch selectivity respect to the capping insulating layer so that 

25 the capping insulating layer is etched concurrently with the formation of the oxide 

spacer. In this case, it is not required to additionally etch the capping insulating layer 
with an extra etching process. The second contact hole is then filled with a contact 
plug. 

Brief Description of the Drawings 
30 FIG. 1 is a top plan view showing a portion of a typical DRAM cell array 

region; and 

FIGS. 2-7 are cross-sectional views for illustrating preferred methods of 
forming self-aligned contact structure according to the present invention along the 
line I-I of the FIG. 1. 
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Description of Preferred Embodiments 
The present invention will now be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
5 invention are shown. This invention may, however, be embodied in different forms 
and should not be construed as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those skilled in the art. In the 
drawings, the thickness of layers and regions are exaggerated for clarity. It will also 
10 be understood that when a layer is referred to as being "on" another layer or substrate, 
it can be directly on the other layer or substrate, or intervening layers may also be 
present. Like numbers refer to like elements throughout. 

FIG. 1 is a top plan view of a portion of a typical DRAM cell array region. 
Referring to FIG. 1, an active region 2 is defined at a predetermined region of 
15 a P-type semiconductor substrate and a pair of word lines 4a and 4b run over the 
active region 2 in parallel. An isolation layer is formed at an outside region of the 
active region 2. The active region 2 between the pair of word lines 4a and 4b 
corresponds to a common drain region 6d doped with n-type impurities. The active 
regions 2 at both side of the common drain region 6d are a first source region 6s ? and 
20 second source region 6s", respectively, 

A first storage node pad 10a, (e.g., a first pad plug) is disposed on the first 
source region 6s f and (the first storage node pad 10a) is electrically connected to the 
first source region 6s\ Similarly, a second storage node pad 10b, (e.g., a second pad 
plug) is disposed on the second source region 6s" and (the second storage node pad 
25 10b) is electrically connected to the second source region 6s Also, a bit line pad 
lOd is disposed on the common drain region 6d and is electrically connected to the 
common drain region 6d. The bit line pad lOd comprises a protrusion extended 
toward one side of the active region 2. First and second bit lines 19 are disposed 
across the pair of word lines 4a and 4b. The first bit line 19 is electrically connected 
30 to the bit line pad lOd through a bit line contact hole 14 exposing the protrusion of the 
bit line pad lOd. Like this, the second bit line 19 is electrically connected to another 
bit line pad (not shown). 
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Now, the present invention will be described in detail with the reference 
drawings (FIGS. 2 to 7). 

Referring to FIG. 2, preferred methods of forming integrated circuit devices 
with self-aligned contact holes include a step of forming an isolation layer 2a defining 
5 an active region (2 of FIG. 1) at a predetermined region of a P-type semiconductor 
substrate 1. The isolation layer 2a may be formed using conventional isolation 
techniques such as trench isolation processes or LOCOS (local oxidation of silicon) 
processes. A pair of word lines (4a and 4b of FIG. 1) are then formed across the 
active region. N-type impurities are implanted into the active region using the word 

10 lines as an ion implantation mask, thereby forming source/drain regions (6s\ 6s" and 
6d of FIG. 1). A lower inter-layer insulating layer 8 is formed on the entire surface of 
the resultant where the source/drain regions are formed. The lower inter-layer 
insulating layer 8 may be formed of silicon oxide layer such as borophosphosilicate 
glass (BPSG) layer, phosphosilicate glass (PSG) layer or undoped silicate glass 

15 (USG) layer. 

A conventional photolithographically defined masking may then be performed 
to form a pad contact hole 9 in the lower interlayer insulating layer 8. This pad 
contact hole 9 exposes the source/drain regions. A blanket layer of polysilicon is then 
deposited on the lower interlayer insulating layer 8 and in the pad contact hole 9. 

20 This blanket layer of polysilicon may be a highly conductive polysilicon layer having 
N-type dopants therein. The blanket layer of polysilicon may then be planarized 
using the lower interlayer insulating layer 8 as a planarization stop layer. This 
planarization step results in the formation of a pad plugs (10a, 10b and lOd of FIG. 1) 
which act as highly conductive intermediate contacts to the underlying source/drain 

25 regions. 

Referring to FIG. 3, an insulating layer 12 is formed on the lower interlayer 
insulating layer 8 and the pad plugs 10a, 10b and lOd. The insulating layer 12 may 
be formed of silicon oxide layer such as high temperature oxide (HTO) layer. The 
insulating layer 12 is patterned to form a bit line contact hole (14 of FIG. 1) exposing 
30 the bit line pad (lOd of FIG. 1). A conductive layer 19 and a protection layer 20 are 
sequentially formed on the substrate having the bit line contact hole 14. The 
conductive layer 19 is preferably formed by sequentially stacking a polysilicon layer 
16 and a metal silicide layer 18, and the protection layer 20 is preferably formed of a 
silicon oxide layer such as a HTO layer. The metal silicide layer 18 may be formed of 
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refractory metal silicide layer such as tungsten silicide (\VSi2) layer and the protection 
layer 20 may be formed of a silicon nitride layer. The tungsten silicide (WSi 2 ) layer 
may be formed using a sputtering process. 

Referring now to FIG. 4, the protection layer 20, the conductive layer 19 and 
the insulating layer 12 is successively patterned using a photolithographic process to 
form a plurality of interconnection patterns, (e.g., a first and a second bit line patterns 
22), covering the bit line contact holes 14 and expose a portion of the lower interlayer 
insulating layer 8 and the pad plugs 10a, 10b and lOd. These bit line patterns 22 may 
be formed as parallel stripes which extend in a third dimension (not shown). The 
respective bit line pattern 22 may comprise an insulating layer pattern 12a, bit line 
19a and protection layer pattern 20a which are sequentially stacked. Here, the 
respective bit line 19a may comprise a polysilicon pattern 16a and a tungsten silicide 
pattern 18a which are sequentially stacked. As will be understood by those skilled in 
the art, the use of tungsten silicide as a bit line material lowers the per unit length 
resistance of each bit line 19a. 

A blanket capping insulating layer 24 is then conformally deposited on the 
lower interlayer insulating layer 8, the pad plugs 10a , 10b, lOd and the bit line 
patterns 22, as illustrated. The capping insulating layer 24 is preferably formed of an 
insulating layer having a high wet etching selectivity with respect to an upper 
interlayer insulating layer to be formed in a subsequent process. In more detail, the 
capping insulating layer 24 is preferably formed of silicon nitride layer or silicon 
oxynitride (SiON) layer having a thickness of 50 to 100 A. A relatively thick upper 
interlayer insulating layer 26, filling gap regions between the bit line patterns 22, is 
then formed on the capping insulating layer 24. The upper interlayer insulating layer 
26 may comprise a material selected from the group consisting of undoped silicate 
glass (USG), borophosphosilicate glass (BPSG), phosphosilicate glass (PSG) and high 
temperature oxide (HTO). 

Referring to FIG. 5A, a photoresist pattern 27 is formed on the upper 
interlayer insulating layer 26 to selectively expose the upper interlayer insulating 
layer 26 above the first and second pad plugs (10a, 10b). Next, the exposed upper 
interlayer insulating layer 26 and the capping insulating layer 24 are dry-etched in 
sequence using the photoresist pattern 27 as an etching mask, thereby forming a 
relatively narrow and deep contact hole, (e.g., a first contact hole 32) exposing a first 
portion of the first pad plug 10a. At this time, another first contact hole is also 



formed on the second pad plug (10b of FIG. 1). It is preferable that the dry etching 
process for forming the first contact hole 32 is performed using a conventional oxide 
etch recipe showing a poor etching selectivity respect to silicon nitride layer. In more 
detail, the dry etching process for forming the first contact hole 32 may be performed 
with a oxide etch recipe using CF4 gas or CHF3 gas. 

The first contact hole 32 is preferably formed as a narrow hole in order to 
reduce the likelihood that misalignment of the photoresist pattern 27 will cause the 
underlying bit line patterns 22 to become exposed during the dry etching step. Such 
exposure of the bit line patterns 22 can lead to electrical bridging and other parasitic 
faults that may reduce reliability and lifetimes of dynamic random access memory 
(DRAM) devices formed in the active region. 

FIG. 5B is a cross sectional view for illustrating another method of forming a 
first narrow contact hole. 

Referring to FIG. 5B, as described in FIG. 5 A, the photoresist pattern 27 is 
formed on the upper interlayer insulating layer 26. The photoresist pattern 27 is then 
reflowed at a temperature of about 150 to 200 C to form a flowed photoresist pattern 
27a having a sloped sidewall. Accordingly, the exposed area of the upper interlayer 
insulating layer 26 is reduced. The exposed upper interlayer insulating layer 26 and 
the capping insulating layer 24 are dry-etched in sequence using the flowed 
photoresist pattern 27a as an etching mask to form a relatively narrow contact hole, 
e.g., a first narrow contact hole 32. 

Alternatively, referring to FIG. 5C, in order to define the first narrow contact 
hole 32, a hard mask layer is formed on the upper interlayer insulating layer 26. The 
hard mask layer is preferably formed of a dense oxide layer such as high temperature 
oxide (HTO) layer. The hard mask layer is patterned using conventional techniques to 
form a mask pattern 28 having a preliminary contact hole therein exposing a 
predetermined region of the upper interlayer insulating layer 26. Conventional 
sidewall spacer technology is then used to form a mask spacer 30 on the sidewall of 
the mask pattern 28. The mask spacer 30 is preferably formed of the same material as 
the mask pattern 28. 

The mask spacer 30 narrows the effective width of the preliminary contact 
hole and thereby reduces the likelihood that a subsequently performed etching step to 
expose the first and second pad plug 10a and 10b will result in the inadvertent 



8 



exposure of the bit line patterns 22. In other words, the mask spacer 30 can be used 
advantageously to reduce the size of the preliminary contact hole and thereby increase 
process reliability in the event that photolithographic misalignment errors occur when 
the mask layer is patterned. Next, the upper interlayer insulating layer 26 and the 
5 capping layer 24 are dry-etched in sequence using the mask pattern 28 and the mask 
spacer 30 as etching masks and thereby form a first narrow contact hole 32 exposing 
first portions of the first and second pad plugs 10a and 10b. At this time, the mask 
pattern 28 and the mask spacer 30 are also etched. Therefore, the mask pattern 28 and 
the mask spacer 30 may be removed during formation of the first contact hole 32. 

10 Referring now to FIG. 6, after removing the photoresist pattern 27 of FIG. 5 A 

or the reflowed photoresist pattern 27a of FIG. 5B, a wet etching step is performed to 
widen the first contact hole 32 in a self-aligned manner and thereby form a second 
contact hole 32a. At this time, the upper interlayer insulating layer 26 is isotropically 
etched so that the upper surface thereof is lowered. Thus, an upper interlayer 

15 insulating layer 26a having a reduced thickness is formed. It is preferable that the wet 
etching step is performed until the capping insulating layer 24 on the sidewalls of the 
bit line patterns 22 is exposed. In particular, the wet etching step is preferably 
performed using an etchant that selectively etches the upper interlayer insulating layer 
26 at a significantly faster rate than the capping insulating layer 24. In the event the 

20 capping insulating layer 24 and the upper interlayer insulating layer 26 are formed of 
silicon nitride and silicon oxide, respectively, hydrofluoric acid (HF) or buffered 
oxide etchant (BOE) is preferable used as the wet etchant. 

During this wet etching step, the capping insulating layer 24 is used as an etch 
stop layer (i.e., a protective layer for the sidewalls of the bit line patterns 22). By 

25 using the capping insulating layer 24 as an etch stop layer, the second contact hole 
32a can be formed in a self-aligned manner (with respect to the bit line patterns 22) 
even if some misalignment of the first contact hole 32 is present. Subsequently, an 
oxide spacer 34 having a width of about 500A is formed on a sidewall of the second 
contact hole 32a in a conventional manner. At this time, a portion of the capping 

30 insulating layer 24 (i.e. a protrusion 24a) may be exposed on the bottom of the second 
contact hole 32a. The oxide spacer 34 is preferably formed of insulating layer having 
a low dielectric constant, for example, a silicon oxide layer such as high temperature 
oxide (HTO). The width of the oxide spacer 34 can be determined appropriately 
according to a width of the second contact hole 32a. 
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Referring to FIG. 7, the protrusion 24a of the capping insulating layer 24 is 
dry-etched to expose a second portion greater than the first portion of the pad plugs 
10a and 10b. In case the oxide spacer 34 is formed using the etching recipe described 
in FIGS. 5A to 5C (i.e., the etching recipe for forming the first contact hole 32), the 
5 protrusion 24a of the capping insulating layer 24 may be easily removed without 
applying any additive etching process. Thus, the step of forming the oxide spacer 34 
and the step of etching the protrusion 24a can be performed with in-situ process using 
one etching recipe. As a result, an extension 24b of the capping insulating layer 24 
exists under the oxide spacer 34. 

10 Meanwhile, according to the above mentioned, even if the pad plugs 10a and 

10b are not exposed completely during the formation of the first contact hole 32, the 
second contact hole 32a exposing the second portions of the pad plugs 10a and 10b 
can be formed. This is because the capping insulating layer 24 on the bottom of the 
second contact hole 32a may be completely exposed during the wet etch process for 

15 forming the second contact hole 32a and the exposed capping insulating layer 24 can 
be easily removed during the step of forming the oxide spacer 34. As a result, process 
margin of the etch step for forming the first contact hole 32 can be increased. 

In addition, an etch stop spacer 36 may further formed on the inner sidewall of 
the oxide spacer 34. In more detail, a thin etch stop layer having a thickness of 50 to 

20 100A is conformally formed on the entire surface of the structure of FIG. 6, and the 
etch stop layer is anisotropically etched to form the etch stop spacer 36. The etch stop 
layer is preferably formed of an insulating layer having a high etch selectivity respect 
to the oxide wet etchant, for example, silicon nitride or silicon oxynitride. 
Alternatively, the protrusion 24a may be etched in sequence after formation of the 

25 etch stop spacer 34. 

A conductive layer such as doped polysilicon layer is then formed on the 
entire surface of the etch stop spacer 36. Here, a wet cleaning process may be 
performed in order to remove a native oxide layer and/or contaminants on the exposed 
pad plugs 10a and 10b prior to formation of the conductive layer filling the second 

30 contact hole 32a. The wet cleaning process is typically performed using a mixture of 
ammonia hydroxide (NH40H), hydro-peroxide (H202) and de-ionized water, and 
buffered oxide etchant (BOE). At this time, the etch stop spacer 36 which may be 
formed of silicon nitride or silicon oxynitride shows high etch selectivity respect to 
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the wet cleaning solutions. Thus, the oxide spacer 34 is safely protected by the etch 
stop spacer 36. 

Next, the conductive layer is etched-back until the upper surface of the upper 
interlayer insulating layer 26a is exposed, to thereby form a contact plug 38 in the 
5 second contact hole 32a. 

Referring still to FIG. 7, the capping insulating layer 24, the oxide spacer 34 
and the etch stop spacer 36 are interposed between the contact plug 38 and the bit line 
patterns 22. Here, even if the capping insulating layer 24 and the etch stop spacer 36 
are formed of a very thin silicon nitride or silicon oxynitride having a thickness of 50 
10 to 100A, a self- aligned contact hole can be formed without damaging the bit line 

patterns 22. Accordingly, it is possible to remarkably reduce a parasitic capacitance 
between the contact plug 38 and the bit lines 19a by forming the oxide spacer 34 
having an adequate width therebetween. Also, it is easy to reduce a contact resistance 
between the contact plug 38 and the pad plugs 10a and 10b by maximizing the 
1 5 contact area therebetween. 

As described above, methods of the present invention can be used to prevent 
bit lines from being exposed by self-aligned contact holes. Also, it can improve the 
alignment margin of the photolithography process for forming the first contact hole. 
Therefore, it can realize the reliable self-aligned contact structure. In addition, it can 
20 reduce the parasitic capacitance between the contact plug and the bit lines by forming 
the reliable oxide spacer therebetween. 

In the drawings and specification, there have been disclosed typical preferred 
embodiments of the invention and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for purposes of limitation, the 
25 scope of the invention being set forth in the following claims. 
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